Objectives: To compare groups of etiologic agents for neonatal fungemia based on previously published case reports with regard to case outcomes. Methods: Secondary analysis of data from case reports published in scientific literature indexed in Medline, Scopus and LILACS databases, and starting from the year, full texts were registered until the year 2010. Results: Thirty-four species of fungi were isolated in 252 cases reported over a 40-year period. The distribution of fungal groups according to the development level of a case's region of origin was very uneven (p < 0.001), with a predominance of C. albicans and other fungi (Aspergillus sp.) in more developed countries. However, 73% of the chi-squared distribution corresponded to differences observed in the frequency of Candida sp. and non-albicans Candida. While the frequency of candidemia by C. albicans was progressively declining in the period from 1966 to 2010, reports of non-albicans candidemia and other non-Candida fungi became significantly (p < 0.00001) more frequent over the course of the period studied. As for the outcome of death, it was statistically more frequent (p < 0.02) in cases where non-albicans Candida or non-Candida fungi were isolated. Conclusion: fungi of the genera Candida and Aspergillus were the etiologic agents most frequently identified in published cases of neonatal fungemia; the outcome of death was more often related to cases where non-albicans Candida or non-Candida fungi were isolated.
often nosocomial origin, insidious onset and nonspecific clinical profile, and occurrence in an immunologically immature or immunodeficient host, in addition to the lack, quite often, of detection methods available for early etiologic diagnosis [1] [2] [3] . In relation to these factors, technological advances in recent decades have enabled significant and improving results in the care of newborns, especially those with extremely low birth weight [4] . However, these strategies have also facilitated an increase in fungal infection or colonization, such as hospitalization in intensive care units and the use of various medical procedures (e.g., central venous catheters, invasive mechanical ventilation, parenteral nutrition, the prolonged use and broad spectrum of antimicrobial agents, among others), in addition to the presence of comorbidities [5] [6] . Furthermore, Rodriguez et al. (2010) [7] associated the increased use of fluconazole prophylaxis against infections as another factor determining greater predisposition to fungemia caused by non-albican species of the Candida genus, mainly by selecting for less sensitive species (e.g., C. tropicalis, C. glabrata and C. krusei).
Given the new realities of neonatology, fungemia and invasive fungal disease (IFD) have been deserving of more comprehensive study that is conducted more systematically with improved guidelines, such those recommended by the European Organization for Research and Treatment of Invasive Fungal Infections (EORTC/MSG) [8] , which suggested changes to the study of fungal infections in neonates based on the observations of several authors who detected increased isolations of non-albicans Candida species as well as non-yeast cell fungi [9] [10] .
In spite of the fact that non-Candida fungi are a cause of fungemia in neonates rarely appears in the literature. This may be due in part to the difficulties of mycological identification. However, in the last decade, there has been an apparent increase in the incidence of cases where non-candida fungi were isolated [10] [11] . Nevertheless, literature lacks any studies which review fungal species isolated in cases of neonatal fungemia. Hence, in this study, we propose to review case reports found in the literature and to compare the etiological groups with outcomes in newborns with fungemia.
Methods
Case reports of neonatal fungemia published between 1966 and October 2010 were reviewed using secondary data analysis [12] [13] . Cases were found by searching for published cases in indexed sources from the following databases (MEDLINE™, SCOPUS™, COCHRANE, SciElo, LILACS, Virtual Health Library, CAPES Thesis Database, CAPES Journal Portal via metasearch). We also conducted an active search for cases in the bibliographical references of the selected publications, in specialized texts, among the references of articles related to fungemia, on specialized websites, and in consultations with specialists.
For this purpose, we used terms found in the Medical Subject Heading (MeSH) database from the National Library of Medicine (National Health of Medicine, Bethesda, MD, USA) and in the Descriptors in Health Sciences (DeCS), BIREME (São Paulo, Brazil) to search for cases. We also conducted a structured search using similar search terms based on subject descriptors in a systematized and hierarchical manner by employing specific Boolean operators from the database [14] .
Regarding the inclusion criteria, the diagnosis of fungemia, fungal sepsis or IFD was considered a publication fulfilled the defining criteria established by the EORTC/MSG [8] . Only papers written in the Portuguese, Spanish or English languages were included. Cases of publications in which there was no definition of the fungal disease acquired in the neonatal period, written in other languages or using other methodologies (e.g., case series, crosssectional or prevalence studies, cohort studies, case-control studies, clinical trials, editorials, etc.) and studies published prior to the year 1966 or which had not been included in the databases before October 5, 2010 were excluded.
Prior to the pre-selection of articles, a pilot study was conducted to define the MeSH and DeCS keywords, as well as determine the inclusion criteria for case reports of fungemia in the neonatal period, and to determine the best Boolean operators ("and", "or", "not"), as described in Amaral-Lopes (2011) [15] .
The articles were initially selected by reading the title and summary of the article to determine whether the article concerned case reports. Subsequently, the articles that were pre-selected in this manner, along with those not defining any case reports, were searched for and acquired at websites with access to full texts.
Once the article was reviewed, the inclusion and exclusion criteria were reviewed. After the article was selected, for each case of fungemia described in the article, a data sheet [15] was completed with the following information: demographic, clinical-epidemiological, laboratory, microbiological investigations (i.e., culture, genotyping or other identifying tests, and sensitivity to antifungal agents), treatments, hospital indicators and outcome (discharge or death). Initially, the search for and registration of data was performed independently by two researchers and then checked the possible inconsistencies, errors of collection or registration, divergent information or data loss.
Bibliographic references for the selected articles, including those that were eventually excluded, are contained in the paper by Amaral-Lopes (2011) [15] .
Data analysis was descriptive, and when a non-parametric test was used (e.g., chi-square or Fisher's exact test), the result was considered statistically significant result when the probability (p) of type I error was less than 5% (p < 0.05).
Results
A total of 178 articles published in 92 journals between the years 1966 and 2010 were examined, containing 252 cases of neonates diagnosed with fungemia. In the same period, another 59 articles were selected and subsequently excluded: 26 because the cases studied occurred outside the neonatal period; 16 did not include the methodology; 10 were not successfully obtained; and 7 articles had undocumented cases of the fungemia diagnosis.
The 252 The 252 cases were sorted based on their origin in a more developed country or region (North America [except Mexico], Europe [except Turkey], Japan, Australia and New Zealand) or a developing country/region (Asia, Brazil, other countries of the Americas and Africa). Of the cases, 65.1% (n = 164) were from a developed country or region and 34.9% (n = 88) were from a less developed region.
Each of the 178 articles that we found described from 1 to 8 cases, although the majority (73.9%, n = 185) of the 252 cases were found in articles with one or two cases of newborns diagnosed with fungal sepsis. In 18 (7.1%) cases, the gender of the recently born baby was not revealed. Of those cases which contained this information (n = 234), the majority (58.1%, n = 136) were male. Of all reported cases (n = 252) of newborns with fungemia, in 5 cases (2%) there was no mention of the outcome (i.e., whether the patient lived or died). The overall death rate was 38.5% (95/247). There were 230 (91.3%) valid cases which included both data (gender and clinical outcome); of these, there was a greater frequency of death among boys (59/133, 44.4%) than among girls (30/97, 30.9%), a statistically significant difference (p < 0.04).
With respect to mycological investigations after a fungemia diagnosis was suspected, in 7 of the 252 cases (2.8%), no isolation of any fungal species was documented, while in 16 cases (6.4%), there was no isolation (result described as negative). Therefore, in 229 cases (90.9%), there was a record of fungus isolation over the disease course of fungemia, although 2 cases contained no record of the genus or species, and in another 7 cases (3.1%), two fungi of different genera were isolated. These 227 cases with information about the genera or species are listed in Table 1 , which considers the fungal species cited by the author(s) as the primary one. Using this method, a total of 34 species of fungi were found in reports of fungemia in the neonatal period, which were distributed over 19 genera ( Table 1) . Of these species, the majority (173/227, 76.2%) corresponded to species of genus Candida, including those (n = 7) that were previously classified as Torulopsis glabrata. Of the 173 cases in which the isolated fungus belonged to the genus Candida, the following species were identified: 19 cases (11%) with no record of a fungal species, 118 (68.2%) with C. albicans, and 36 (20.8%) non-albicans. Of the 54 cases (23.8%) where non-candida species were isolated, 11 cases had fungi of the genus Aspergillus and 9 had fungi of the genus Trichosporon ( Table 1) .
In the investigation of fungal species, genotyping or another non-morphotintorial identification test was only used in 26 (10.3%) cases, all of which were found after the year 1995. In 35 (13.9%) cases, the records showed that the genotype or non-morphotintorial test was not carried out, these articles being published between the years 1968 and 2010. However, in the majority of reports (n = 191, 75.8%) there was no record of this type of investigation.
In the majority of cases (n = 192, 76.2%) there was no record of whether research on the sensitivity of the isolated fungi to antibiotics or antifungal chemotherapy was performed. In only six cases (2.4%) was there a record showing that the test had not been performed. Sensitivity testing was performed in 54 (21.4%) cases, 45 (83.3%) of which were sensitive to amphotericin B, and in 9 cases (16.7%) the patients were resistant. The following resistant species were isolated: C. albicans (n = 2), C. parapsilosis (n = 2), C. haemulonii (n = 1), C. krusei (n = 1), C. lusitaniae (n = 1), C. tropicalis (n = 1) and T. asahii (n = 1). Excluding the five cases which offered no description of the clinical outcome and the cases which did not identify the genus or species of the fungus (n = 30), a similar distribution was noted (p > 0.55) between those patients who survived (17/152, 11.2%) and those who died (13/95, 13.7%). There was an uneven distribution (p < 0.009) of these cases over the following four approximately decade-long periods The seven cases of mixed fungal infection ( Table 2) were evenly distributed (Fisher's exact test, p > 0.53) between the cases in which the patient lived (4/135, 3%) and died (3/82, 3.7%). As shown in Table 2 , only the valid cases for each analysis were considered, and the fungi were grouped into the following 4 categories: C. albicans, Candida sp., non-albicans Candida fungi and other genera. As shown in Table 2 , within these 4 categories, the gender distribution of newborns was similar (p > 0.53), whereas the distribution based on the degree of development of a case's region of origin was very uneven (p < 0.001). The predominance of isolates of C. albicans and fungi from other genera were identified in developed countries or regions ( Table 2 ). However 73% of this total (according to chi-square analysis) corresponded with the frequencies of Candida sp. and non-albicans Candida. Nevertheless, the frequency of candidemia by C. albicans was progressively declining in the period from 1966 to 2010, but reports of non-albicans candidemias and other non-Candida fungi were significantly more frequent (p < 0.00001). The outcome of death was statistically more frequent (p < 0.02) in cases where Candida sp. was isolated and in cases involving other non-Candida fungi.
Discussion
Neonatal IFD, more commonly known as neonatal fungemia, is as yet poorly understood. In this study, IFD during the neonatal period was investigated using a methodology which made it possible to group the characteristics of the entity and related agents such as non-candida fungi, which would have been difficult to study using any other methodology. However, one of the methodological limitations of this study that should be considered when interpreting our results is the paucity of data recorded by the study authors. Nonetheless, understanding the characteristics of the cases described in the literature and the gaps in these reports could serve as the basis for future studies or clinical trials.
In this study, we included 178 articles that were selected from a historical period of 40 years. The information contained therein enables one to characterize how these publications have evolved over four decades, there having been observed an increasing number of publications of reporting cases of neonatal fungemia, especially as of the 1990's and more frequently (65.1% vs. 34.9%) in the more developed countries or regions of the world. This finding is similar to that described by Figueiredo et al. (2006 and 2007) [16] [17], and may be the result of more periodicals being published in the more developed countries, greater facility with the publication language, greater scientific and technological development, among other determinants.
As for the etiology of fungal disease in the cases selected, different genera and species of fungi were reported, which were responsible for the processes of colonization and infection of newborns described in this study [15] . The 34 species of fungi isolated in the case studies were distributed between 19 genera and nine taxonomic orders [18] .
No similar study was found in the literature, and it is noteworthy that the number of isolates would likely have been much higher if all reports had sought to identify the fungal colonization and documented the result [15] . Furthermore, although the majority of cultures recorded obtained a positive result (fungal isolation), other possible sources of infection were poorly investigated [15] . Apart from the difficulties inherent in mycological diagnosis, for most tertiary health care units, the absence of a specific protocol to investigate IFD in the neonatal period is another factor that may explain these gaps in the literature. However, this study permitted, perhaps for the first time, a more complete description of fungal etiologies in cases of neonatal fungemia.
The elevated prevalence of the genus Candida (76.2%) observed in cases of fungemia was similar to that noted in other studies [5] [11]; note, however, the prevalence of non-Candida fungi, 23.8%, that was observed in this study, including those of the genus Aspergillus, among others. Although the occurrence of neonatal IFD by fungi of the genus Aspergillus is rarely described in the literature [9] , this apparent error may be due to the fact that there are more records published in the form of case reports; thus, such cases may not have been published in academic texts or reviews. Therefore, this kind of gap could be filled by means of the methodology applied in this study. It has revealed an increase in the frequency of cases of non-Candida fungi and non-albicans Candida, as well as an increase in cases during the last decade, possibly as a consequence of improvements in diagnostic support and of increased exposure of the hosts.
Also, the results of this study are consistent with a study conducted by Gniadek et al. (2010) [19] with respect to non-Candida species as an etiology for IFD. The authors found an increased prevalence of environmental contamination and colonization of individuals working with infants in pediatric and neonatal intensive care units, primarily by cytotoxic strains of Aspergillus spp., in particular A. fumigatus. The study found 20% colonization on the hands of health care professionals. In future, the development of new, more sensitive diagnostic methods may permit the identification of these more uncommon fungal agents during the neonatal period [3] [9] along with the taxonomic identification of these and other fungal species. In the cases examined here, only 10.3% underwent genotyping or other analyses in order to better characterize the fungal species and also consider the vast complexity of the taxonomy of fungi [18] . Clark et al. (2004) [1] showed that although the rates of sepsis acquired in a nosocomial environment increase when the degree of prematurity is higher and the birth weight lower, there is not a more sensitive diagnostic procedure that can improve the ability of health professionals to determine whether there truly is an infection in the bloodstream. Therefore the situation as it currently stands may be associated with a greater number of unnecessary treatments, delay in the diagnosis of sepsis, and increased mortality rate.
The majority of IFD cases were considered confirmed by the identification of a pathogen in naturally sterile areas; yet very few studies have evaluated the sensitivity of fungal isolates to antifungal antibiotics. It is, however, necessary to change this practice, which is incompatible with the increasingly frequent use of antifungal prophylaxis [20] [21] , and the emergence of strains resistant to the most common antifungal drugs, but also because of the increased incidence of fungal diseases and the increasing number of infections with non-Candida species.
In this study, of the few cases studied (n = 54), 16 .7% of isolates were resistant to amphotericin B. Recently, Yildiran et al. (2010) described [22] different standards of response to therapies being correlated with the newborn's birth weight. For this reason, the authors emphasized the growing need for research concerning the sensitivity of the fungus to antifungal medications, with the objective of not only enhancing treatment planning but also aiding in the correct and early detection of the most fluconazole-resistant strains, since this is the primary medication used in IFD prophylaxis as well as an adjunctive medication with other drugs [23] . This notwithstanding, the cases studied here, amphotericin B was the most commonly used antifungal in over the past four decades [15] , despite the emergence of various new antifungal medications [24] , which is similar to the current proposal for IFD treatment [23] in the neonatal period.
The IFD-related fatality rate (38.5%) observed in this study was much higher than those found in the studies by Saiman et al. (2000) [25] and Rodriguez et al. (2006) [26] , which cited rates of 22% and 20% respectively. Their findings also diverge from other studies which demonstrated rates ranging from 41% to 76% [2] [5]- [7] ; however, in these most recent studies, the rates were related to fungemia but not attributed to it.
The highest mortality rate was related to cases of non-Candida fungi and non-albicans Candida, which could be related to the pathogenic mechanisms of these fungi [7] [27], as well as the delay in their identification [28] , resulting in a delay initiating treatment and increased lethality [29] .
Even after considering the elevated global mortality rate observed among premature babies [4] , one must consider the hypothesis that the newborns, including those in this study who died at the earliest age, also had more serious diseases during the neonatal period. Thus, fungal sepsis would be an additional aggravating factor to these other morbidities. However, the higher mortality rate among male neonates (44.4% vs. 30.9%) in the cases examined here, independent of comorbidity or early death, is similar to reports in the literature, which have noted the greater number of preterm births of boys and the apparent biological disadvantage associated with the male gender, which requires further research [1] [2] [3] [4] [30].
Conclusion
Therefore, it can be concluded that the leveduriform fungi of the Candida genus, primarily C. albicans and fungi of the genus Aspergillus, are the etiologic agents most frequently identified in published neonatal fungemia cases. In addition, the rate of mortality was found to be as high as those recorded in the literature, in which the outcome of deaths was more prevalent in cases of non-albicans Candida and non-Candida fungi.
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